Transition from Toroidal Alfve?n Eigenmodes to Global Alfve?n Eigenmodes Caused by Time Evolution of the Central Rotational Transform by S. "Yamamoto et al.
§ 20. Transition from Toroidal Alfven
Eigenmodes to Global Alfven
Eigenmodes Caused by Time Evolution
of the Central Rotational Transform
Yamamoto, S. (Dep. Energy Eng. Science, Nagoya
Univ.), Toi, K., Ohdachi, S., Nakajima, N.,
Sakakibara, S., Watanabe, K.Y., LHD Experimental
Group
In NBI heated LHO plasmas, various types of
energetic-ion-driven Alfven eigenmodes (AEs) are often
observed.
Typical discharge where two m-21n=1 TAEs and
m-3/n=2 TAE are observed is shown in Fig. 1, where
the hydrogen beam of the energy ENBJ - 150 keY are
tangentially injected into helium plasma in the
configuration of Rax = 3.6 m at B[ = 1.3 T. The
frequencies of these modes agree well with those of the
n = 1 TAE gap formed by m = 2 and m = 3 poloidal
mode coupling (dotted curve in Fig.l (a)) and n =2
TAE gap formed by m =3 and m =4 mode coupling
(broken curve) until t..., 1.8 s. From the comparison of
data with the shear Alfven spectrum calculated for 2
dimensional magnetic configuration, theses modes lie in
the predicted TAE gaps, as shown in Fig. 2. This m ...,
21n = 1 TAE excited without suffering from strong
continuum damping via the intersection of shear Alfven
continua would be a core-localized type TAE (C-TAB),
which was first observed in CHS [1]. The observed
frequency (fexp = 61 kHz) also lies in the innermost TAE
gap and is located just below the upper bound of the
Alfven spectrum. According to the C-TAE theory [2],
the observed modes with frequency fexp = 52 kHz andtxp
= 61 kHz may be even and odd parity modes,
respectively. On the other hand, the m-31n=2 TAE is
thought to be global TAB because the eigenfunction
would not be localized in the plasma core region.
After the counter NBI is turned off at t =1.82 s of
the shot shown in Fig. 1, the frequency of n = 1 TAE
starts to deviate the relevant TAE gap frequency
appreciably. In this phase the beam driven current is
further increased in the co-direction by the remained
co-NBI. In the phase of t > 1.82 s, two n = 1 modes
appear having different frequencies, for instance, fexp =
70 kHz and 40 kHz at t = 1.98 s. As seen from the 20
spectrum shown in Fig.3, they lie just above and below
two continua of m = 2 and m = 3. It should be note
that this gap region is not the TAE gap. The n = 1
TAE gap formed by the m =2 and m =3 poloidal mode
coupling is removed from the plasma region when the
central rotational transform is raised beyond the specific
value of 1/21C (= 2n1(2m + 1) = 0.4) related to the n = 1
TAE by the increased co-flowing plasma current. The
separation of m ..., 21n = 1 C-TAE takes place from t =
1.82 s is explained by the mode transition from the
single TAE ifap =52 kHz at t =1.8 s) to two GAEs (fcxp
= 70 kHz and 40 kHz at t = 1.98 s). The slight
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increase in the frequency of m ..., 31n = 2 G-TAEs just
after t = 1.82 s is interpreted by the inward movement
of the TAE gap position in a plasma with a hollow
density profile.
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Fig. 1, 'JYpical discharge where the transition
from C-TAE to GAE has been observed, where
Rax =3. 6 m at B1=1.3 T.
Fig. 2, Calculated shear Alfven spectra for the
plasma shown in Fig. 1 at t = 1.8 s for (a) n = 1
mode and (b) n = 2 mode, where the 20 magnetic
configuration is assumed. The solid lines
indicate the observed frequencies.
Fig. 3, Calculated shear Alfven spectra for the
plasma shown in Fig. 1 at t =1.98 s for (a) n =1
mode and (b) n =2 mode.
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